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CANONICAL GENERAL RESPONSE BANDPASS MICROWAVE FILTER 
OBJECT OF THE INVENTION 

The present invention relates generally to microwave filters, and more 
particularly, to general response bandpass microwave filters for use in transmitters 
5 and receivers for communication satellite and wireless communication systems. 
STATE OF THE ART 

Canonical topology for bandpass filters are known to provide general 
responses both symmetrical "and asymmetrical, with the maximum number of finite 
zeros for a given number of resonators, thus allowing sharp selectivity and linear 
10 phase responses to be implemented. 

One canonical single mode multi-cavity microwave filter is described in U.S. 
Pat No. 5,608,363 to Cameron et al. wherein there is a multi-cavity housing formed 
with a plurality of walls defining a plurality of cavities, that are sequentially arranged 
in first and second side-by-side rows, each row having a plurality of cavities. 
15 The filter housing has an input and an output such that an input device is 

arranged adjacent to and connected to a first cavity in the first row, and an output 
device is arranged adjacent to and connected to a cavity in the second row. Both 
input and output of the filter are parallel and lie at the same side of the filter. 

A cylindrically shaped dielectric resonator is supported within each of the 
20 cavities. The wall between each of any two adjacent sequential cavities is provided 
with slots, namely iris, to couple adjacent sequential and non-sequential adjacent 
resonators. 

The filter housing supports a plurality of adjustable fins or probes extending 
into the irises, one fin to each iris, to selectively adjust the size of the iris. Therefore, 
25 there are cavities having at least two couplings, namely in series when the coupled 
cavities are sequential and adjacent; in parallel or cross coupling when the coupled 
cavities are non- sequential and adjacent. 

Different shaped probes are used to couple the cavities. Hence, a probe is 
positioned in the wall between at least two non-sequential adjacent cavities, one 
30 cavity in the first row and the other cavity in the second row thus cross coupling said 
two non-sequential cavities, the probe having opposite ends each of which extends in 
a direction generally parallel to the curvature of the cylindrically shaped resonators. 

However, these known microwave filter suffer from various disadvantages 
such as a distortion appearing in the response that leads to an asymmetric response. 
35 This distortion prevents the filter meeting the prescribed specifications of flat 
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insertion losses and linear phase. 

Therefore, there is a need to add additional degrees of freedom by means of 
diagonal cross couplings for compensating for such distortion. The diagonal cross 
coupling is defined as the coupling between non-sequential non-adjacent resonator 
5 cavities that allow pre-distortion of the response and further control of the response 
characteristics. 

Diagonal cross couplings are difficult to characterise, manufacture and tune 
and they increase the mechanical complexity and number of elements of the filter, 
thus raising the cost of the filter. 
10 Moreover, cross couplings between non-sequential adjacent cavities are very 

low in magnitude for high order filters, leading to a difficult electrical 
characterisation procedure, a complex manufacturing and tuning, and worse 
performances in temperature. 

CHARACTERIZATION OF THE INVENTION 

15 Therefore it is an object of the present invention to provide a canonical 

general response bandpass filter that provides a symmetrical response without using 
diagonal cross couplings. 

Another object of the invention is to provide higher cross coupling values in 
order to simplify the characterisation and manufacture of the cross couplings. 

20 The previously mentioned objects and others are accomplished by the use of a 

canonical structure such as a microwave filter comprising a plurality of resonator 
cavities arrangement in more than two adjacent rows and more than two adjacent 
columns; each resonator cavity is coupled with at least a sequential adjacent 
resonator cavity for providing a main path for an electromagnetic energy to be 

25 transmitted from a first resonator cavity to a last resonator cavity, the 
electromagnetic energy is injected in the first resonator cavity by an input terminal 
through an input coupling and the electromagnetic energy is extracted from the last 
resonator cavity by an output terminal through an output coupling, the first and last 
resonator cavities are non-sequential cross coupled adjacent cavities. 

30 By using this invention the distortions are minimised and no diagonal cross 

couplings are needed in order to implement a symmetrical response. 

Furthermore, the invention allows the placement of some cross couplings 
between the I th and (i+z) th resonators for 1 < i < n-z, z being an odd number. Such 
cross couplings have higher values and therefore they are easily and accurately 

35 electrically characterized, thus less critical in terms of design, manufacturing and 



3 



temperature dependence. This means a less costly filter with easier tuning and more 
stable performances over a wide temperature range. 
BRIEF OUTLINE OF THE FIGURES 

A more detailed explanation of the invention is given in the following 
5 description based on the attached figures in which: 

Figure 1 is a top view of a single mode microwave filter according to the 
prior art, 

Figure 2 is a top view of a embodiment of the invention, 

Figure 3 is a top view of another embodiment of the invention, 
10 Figure 4 is a top view of another embodiment of the invention, and 

Figure 5 and Figure 6 show a response by a filter according to the invention. 
DESCRIPTION OF THE INVENTION 

Figure 1 depicts a single mode dielectric resonator microwave filter whose 
housing is provided with an input terminal 20 and an output terminal 21 connected 
15 respectively to a resonator cavity, such that each resonator cavity defines a row. The 
filter housing has several resonator cavities arranged in two rows. 

As to figure 2, a microwave filter is described according to the invention 
wherein the resonator cavities are arranged in several rows and several columns, that 
is, the resonator cavities define more than two rows and columns. L 
20 The first cavity 1 is connected to the filter input 20 which is non-sequential 

adjacent to a cavity 10 connected to the filter output 21. A resonator (not shown) is 
arranged within each resonator cavity such that the dielectric resonators are coupled 
one to another by means of an iris in the wall that separates one cavity from another. 

A resonator cavity may be coupled to another resonator cavity and/or to 
25 several resonator cavities. Therefore, several couplings are defined. For example, the 
resonator cavity 1 is coupled in series to a resonator cavity 2. Moreover, the 
resonator cavity 1 is coupled to a resonator cavity 10 by means of a cross coupling. 
In addition, a resonator cavity may be coupled to several cavities for defining a main 
path. 

30 Therefore, the filter comprises a plurality of n resonator cavities, ordered by 

ordinal numbers from 1 to 10 successively coupled one to another by means of 
openings made in the wall that separates one cavity from another and wherein the 
first cavity 1 is connected to the input terminal 20 which is adjacent to another cavity 
10 connected to the output terminal 21 and there is a cross coupling between them. 

35 The couplings are shown by means of lines. 



So, the filter provides the maximum number of transmission zeroes with the 
minimum number of elements and is thus a canonical filter. 

The microwave filter includes an unitary housing having four rows and three 
columns wherein the input terminal 20 connected to the cavity 1 is non-sequential 
adjacent to the cavity 10 connected to the output terminal 21. 

For the same number of rows and columns, for example, four rows and three 
columns, the resonator cavities 1 to 10 can be arranged in several shapes. This shown 
in figure 2 and 3. 

However, the housing filter can have the same number of rows and columns, 
as shown in figure 4. In addition, the housing filter may have a different number of 
rows than the columns or vice versa. 

The path, namely main path, for the electromagnetic energy goes from the 
input 20 to the output 21 successively passing only once through all the resonator 
cavities 1, 10 and the couplings between them are multiply folded, that is, it goes 
through more than two rows and several columns of resonator cavities. 

In any case, the housing filter of the invention comprises several resonator 
cavities wherein there are any resonator cavities that alone have couplings in series, 
for example, resonator cavity 3; another resonator cavity may have two coupling in 
series and two cross coupling, for example, resonator cavity 2; also, there is any 
resonator cavity may have two coupling in series and one cross coupling, for 
example, resonator cavity 5, see figure 2. 

As a result, the housing filter allows the placement of some cross couplings 
between the i* and (i+z) th resonators for 1 < i < n-z, z being an odd number; for 
example, the cavity 5 has a cross coupling with the cavity 8, shown in figure 2 and 3. 

Further, the housing filter allows the number of resonator cavities per row to 
be different, that is, not all rows have the same number of resonator cavities. Also, 
not all columns have the same number of resonator cavities, shown in figure 2 and 3. 

For example, column 1 has two resonator cavities being cavities 1 and 10, and 
column 2 has four resonator cavities being 3, 2, 9 and 8, shown in figure 2. 

As to figure 3, row 1 has two resonator cavities being cavities 9 and 8, and 
row 2 has three resonator cavities being 10, 7 and 6. 

As to figure 5 and Figure 6, these show transmission response of a ten-pole 
filter using dielectric resonator technology using the embodiment depicted in Figure 
3. 

Note that each resonator cavity may include a dielectric resonator. The 



housing filter has been without diagonal cross coupling, however, this kind of cross 
coupling may be establish between two resonator cavities are non-sequential non 
adjacent cavities, for example, the cavity 2 may be coupled to cavity 8 by means a 
diagonal cross coupling, see fig 4. In addition, diagonal cross coupling may be 
defined in the microwave filter of the invention. 

The present invention has been described by means of an example in order to 
show its advantages in practical applications but it should not be considered 
restrictive in any way, thus variations or modifications that will lead to other 
embodiments evident for those skilled in the field of microwave filters must be 
included in the scope of this invention. 
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CLAIMS 

1. Canonical general response bandpass microwave filter comprising a 
plurality of resonator cavities arrangement in rows, each resonator cavity being 
coupled with at least a sequential adjacent resonator cavity for providing a main path 

5 for an electromagnetic energy to be transmitted from a first resonator cavity (1) to a 
last resonator cavity, the electromagnetic energy being injected in the first resonator 
cavity (1) by an input terminal (20) through an input coupling and the 
electromagnetic energy being extracted from the last resonator cavity by an output 
terminal (21) through an output coupling, the first and last resonator cavities are non- 
10 sequential cross coupled adjacent cavities; characterized by that the resonator 
cavities are adapted to be arranged in more than two adjacent rows and more than 
two adjacent columns. 

2. The microwave filter according to claim 1, including more rows than 
columns. 

15 3. The microwave filter according to claim 1, comprising more columns than 
rows. 

4. The microwave filter according to claim 1, including an equal number of 
columns and rows. 

5. The microwave filter according to claim 1, comprising at least a resonator 
20 cavity is adapted to couple a sequential adjacent resonator cavity and a non- 
sequential adjacent cavity. 

6. The microwave filter according to claim 5, including at least a resonator 
cavity is adapted to couple at least two sequential adjacent resonator cavities and at 
least a non-sequential adjacent cavities. 

25 7. The microwave filter according to claim 6, including at least a resonator 
cavity is adapted to couple at least two sequential adjacent resonator cavity and at 
least two non-sequential adjacent cavity. 

8. The microwave filter according to claim 6, comprising at least a resonator 
cavity is adapted to couple at least two sequential adjacent resonator cavities, at least 

30 a non-sequential adjacent cavities and at least a non sequential non adjacent cavities. 

9. The microwave filter according to claim 7, comprising at least a resonator 
cavity is adapted to couple at least two sequential adjacent resonator cavities, at least 
two non-sequential adjacent cavities and at least a non sequential non adjacent 
cavity. 

35 10. The microwave filter according to claim 1, including at least a row is adapted 



to have a lower number of resonator cavities than another row. 

11. The microwave filter according to claim 1, includes at least a column is 
adapted to have lower number of the resonator cavities than another column. 

12. The microwave filter according to any of the preceding claims, wherein the 
main path passes through more than two rows and two columns of resonator cavities. 

13. The microwave filter according to any one of claims 1 to 12, wherein each 
resonator cavity comprises a dielectric resonator. 

14. The microwave filter according to any one of claims 1 to 12, wherein each 
resonator cavity is an empty wave guide cavity. 

15. The microwave filter according to any one of claims 1 to 12, wherein each 
resonator cavity is a coaxial resonator. 
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ABSTRACT 



A microwave filter comprising a plurality of resonator cavities (1, 10) arrangement in 
more than two adjacent rows and more than two adjacent columns; each resonator 
cavity is coupled with at least a sequential adjacent resonator cavity for providing a 
main path for an electromagnetic energy to be transmitted from a first resonator 
cavity (1) to a last resonator cavity (10). The electromagnetic energy is injected in 
the first resonator cavity (1) by an input terminal (20) through an input coupling and 
the electromagnetic energy is extracted from the last resonator cavity (10) by an 
output terminal (21) through an output coupling, the first (1) and last (10) resonator 
cavities are non-sequential adjacent cavities. 
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Fig. 3 
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Fig. 6 



